R andomized, controlled studies of postexposure prophylaxis in infants born to late-presenting women with human immunodeficiency virus (HIV) infection who did not receive antiretroviral therapy (ART) in pregnancy have been performed in breast-fed populations [1] [2] [3] [4] [5] but not in non-breast-fed populations of higherincome countries. Observational studies have shown reduced transmission when zidovudine therapy was initiated within 48 hours after birth and continued for 6 weeks in neonates born to untreated mothers with HIV type 1 (HIV-1) infection, 6, 7 although transmission rates in this scenario remain as high as 12 to 26%. [6] [7] [8] In a randomized South African trial of infants born to untreated HIV-1-infected mothers, the rates of intrapartum transmission were similar among formula-fed infants receiving zidovudine and those receiving single-dose nevirapine (11.1% and 7.3%, respectively; P = 0.30). 5 Although use of infant prophylaxis with combination ART is increasing when there is a high risk of HIV-1 transmission, 9,10 evidence in support of this approach is lacking. We compared the efficacy and safety of three neonatal ART regimens for the prevention of intrapartum HIV-1 transmission in infants whose mothers did not receive ART during pregnancy.
Me thods

Study Population
HIV-1-infected mothers who had not received ART before labor because of late presentation for medical care were approached for enrollment of their infants. A positive result on a maternal HIV-1 rapid test, pending confirmatory testing, sufficed for enrollment. Women who received antiretroviral drugs other than zidovudine during labor were excluded. All mothers provided written informed consent. Infants were eligible for enrollment if they were no more than 48 hours old, had a gestational age of at least 32 weeks, weighed at least 1.5 kg, had no life-threatening conditions, and were able to take oral medication. Receipt of oral zidovudine before study entry was permitted; infants who received other antiretroviral drugs were excluded.
Enrollment occurred at 17 sites in Brazil, South Africa, Argentina, and the United States. The study was approved by local and collaborating institutional review boards and was reviewed annually by a data and safety monitoring board. Diagnostic kits were purchased for the study, and three of the four study drugs were donated by their respective manufacturers. Study-drug donors did not participate in study design, data accrual, data analysis, or manuscript preparation. All of the authors vouch for the accuracy and completeness of the presented data and the fidelity of this report to the protocol, available with the full text of this article at NEJM.org.
Study Design and Treatment Regimens
Infants exposed to HIV-1 were randomly assigned to one of three ART regimens within 48 hours after birth. Fixed dosing based on weight categories was used for drug administration. All infants received zidovudine for 6 weeks, at a dose of 12 mg (for infants with a birth weight >2.0 kg) or 8 mg (for those with a birth weight ≤2.0 kg) twice daily. The first group received zidovudine alone. The second group received the zidovudine regimen plus three doses of nevirapine: the first within 48 hours after birth, the second 48 hours after the first dose, and the third 96 hours after the second dose. 11 The nevirapine dose was 12 mg (birth weight >2.0 kg) or 8 mg (birth weight ≤2.0 kg) once daily. The third group received the zidovudine regimen plus nelfinavir and lamivudine for 2 weeks. The nelfinavir dose was 200 mg (birth weight >3.0 kg), 150 mg (birth weight >2.0 kg and ≤3.0 kg), or 100 mg (birth weight ≤2.0 kg) twice daily. The lamivudine dose was 6 mg (birth weight >2.0 kg) or 4 mg (birth weight ≤2.0 kg) twice daily. 12 Infants were randomly assigned to a treatment group in blocks of 12. Treatment adherence was evaluated with the use of treatment diaries provided to the mothers or guardians of the infants. the study; infants who had received study drugs were followed.
Maternal Evaluations
At study entry, general medical and obstetrical histories were obtained, complete blood counts were obtained, and plasma HIV-1 RNA levels, T-cell subsets, and Venereal Disease Research Laboratory (VDRL) titers were measured. Mothers were counseled not to breast-feed, and infant formula was provided free of charge. Information on breast-feeding was documented.
Infant Evaluations
Study visits occurred at birth and at 4 to 7 days, 10 to 14 days, 4 to 6 weeks, and 3 and 6 months of age. Medical histories were obtained and physical examinations were performed at each visit.
Complete blood counts and hepatic aminotransferase levels were measured at all visits except at 6 months. Evaluation of genotypic antiretroviral resistance in batched specimens from infected infants was performed with the use of the ViroSeq HIV-1 Genotyping System. Specimens were chosen from a time before initiation of ART treatment (with 82% of specimens from the 3-month visit).
Statistical Analysis
The target sample size was 1731 infants (577 per study group), with the assumption of a 6% rate of in utero transmission and a 5% loss to follow-up. Sample-size calculations were based on intrapartum transmission rates of 9.5% in the zidovudinealone group, 6 6% in the two-drug group, and 2% in the three-drug group, with 80% power at a 5% significance level for simultaneous pairwise comparisons between treatment groups. Deaths were considered to be censoring events.
The primary study end point was intrapartum HIV-1 transmission at 3 months of age. The efficacy analysis used the Kaplan-Meier method for determination of transmission rates in each treatment group; all infants with HIV-1 test results were included. A two-stage approach with an extension of the Mantel-Haenszel test was used for comparison of the three Kaplan-Meier curves, followed by a second-stage analysis comparing each pair of transmission rates with the use of two-sample Mantel-Haenszel tests. Hochberg's modified Bonferroni method was used to adjust the significance level for comparisons between groups. 14 Because of lower-than-expected rates of HIV-1 transmission, comparison of all possible pairs was supplemented by a comparison of monotherapy versus multidrug therapy.
Secondary end points included transmission at additional time points, infant deaths, and risk factors for HIV-1 transmission, including maternal HIV RNA level and CD4+ T-cell count at delivery, status with respect to maternal syphilis, demographic characteristics, obstetrical factors, and status with respect to zidovudine receipt during labor. The evaluation of antiretroviral genotypic resistance in infected infants was descriptive.
Chi-square tests and logistic regression were used to identify risk factors associated with HIV-1 transmission. Only infants with conclusive evidence of HIV-1 status were included in these analyses. In addition, all potential risk factors were tested for interactions with the study treatments.
Covariates with a P value of less than 0.20 were entered into a multivariable logistic model. Backward elimination was then used to remove nonsignificant variables, resulting in the final model. From April 2004 through July 2010, a total of 1745 infants underwent randomization: 1224 (70.1%) from Brazil, 479 (27.4%) from South Africa, 28 (1.6%) from Argentina, and 14 (0.8%) from the United States. Ten infants (0.6%) did not receive study drugs. Of the remaining 1735 infants, 51 (2.9%) had mothers who were HIV-1-negative on confirmatory tests; these infants, whose distribution did not differ significantly among study groups (Table 1) , were excluded from efficacy analyses but included in safety analyses. The primary efficacy analysis included 1684 infants.
At baseline, the median age of the mothers was 26 years; 76.3% were black or of mixed race, 8.8% had used illegal substances during pregnancy, and 9.3% had syphilis coinfection ( Table 1 ). The median log 10 HIV RNA level was 4.2 copies per milliliter, and the CD4+ T-cell count was 459 per cubic millimeter at delivery. Despite not having received a diagnosis of HIV-1 infection, 62.6% of the mothers had received prenatal care, with 47.5% having had at least three prenatal visits. HIV-1 infection was diagnosed by means of rapid testing in 73.2% of women. A total of 41.0% of mothers received zidovudine during labor, 99.6% intravenously; zidovudine use during pregnancy was not associated with HIV-1 transmission (P = 0.73). Cesarean delivery before labor or the rupture of membranes was performed for 23.5% of infants, with 535 (89.3%) of 599 cesarean deliveries performed in Brazil. There were no significant differences (P>0.05) in maternal or infant characteristics among the study groups. The median birth weight was 3.0 kg. Breast-feeding rates, which reflected the peripartum timing of the diagnosis of HIV-1 infection in mothers, were 9.4% at birth, 1.5% at 4 to 7 days, and less than 1.0% the age of 2 weeks or older, with similar rates in the three study groups.
HIV-1 Infection in Infants
Overall, 140 (8.3%) of 1684 infants had HIV-1 infection. The HIV-1 status was unknown for 97 infants (5.8%): 31 in the zidovudine-alone group, 33 in the two-drug group, and 33 in the three-drug group. All 97 infants had blood specimens collected at birth and tested by PCR assay for the presence of HIV-1 DNA: 95 tested negative; 2 (1 each in the zidovudine-alone and two-drug groups) had a positive DNA test at birth but with no subsequent samples available for testing; 56 had no further specimens collected; 14 had samples between 10 days and 2 weeks (all negative), with no subsequent samples; and 27 had samples between 4 and 6 weeks (all negative), with no subsequent samples.
HIV-1 infection rates by study group, based on Kaplan-Meier curves, are shown in Figure 1 and Table 2 . The Kaplan-Meier curves for intrapartum transmission differed significantly among the groups (P = 0.03 for the overall comparison). The overall rate of in utero transmission of HIV-1 was 5.7%, ranging from 5.1% to 6.8% across study groups; the rate in the zidovudine-alone group did not differ significantly from the rate in the twodrug group or the rate in the three-drug group (P = 0.24 for both comparisons). The overall rate of intrapartum transmission at 3 months was 3.2%; the rate in the zidovudine-alone group (24 infants [4.8%]) was significantly higher than the rates in the two-drug group (11 infants [2.2%]) and the three-drug group (12 infants [2.4%]) (P = 0.046 for both comparisons). The overall rate of HIV-1 transmission was higher in the zidovudine-alone group (61 infants [11.0%]) than in the two-drug group (39 infants [7. 1%]) or the three-drug group (40 infants [7. 4%]) (P = 0.03 for both comparisons). These P values were adjusted for the comparison of the zidovudine-alone group with the two multidrug groups. Adjusted P values for all possible comparisons were 0.07 for the zidovudine-alone group versus the two-drug group, 0.09 for the zidovudine-alone group versus the three-drug group, and 0.80 for the two-drug group versus the three-drug group.
Mortality and Loss to Follow-up
Forty-three infants (2.6%) died, with similar mortality in the three groups (11 deaths HIV-1 status (see Appendix 2 in the Supplementary Appendix, available at NEJM.org). Reasons for study discontinuation (97 infants) included death (21) , withdrawal of consent (37), loss to follow-up (32), relocation (6) , and other reasons (1). Participants attended 96% of the scheduled visits through 3 months; treatment adherence, as assessed on the basis of treatment diaries completed by the mothers or guardians, exceeded 96% for all study drugs.
Risk Factors for Perinatal Transmission
Factors independently associated with an increased risk of HIV-1 transmission included zidovudine monotherapy, a higher maternal HIV RNA level at delivery, and use of illegal substances during pregnancy (Table 3) .
Adverse Events
Neutropenia was the only grade 2 or higher laboratory abnormality that differed significantly among the groups, occurring in 27.5% of infants in the three-drug group versus 14.9% in the twodrug group and 16.4% in the zidovudine-alone group (P<0.001 for both comparisons by the chisquare test) (Appendix 3 in the Supplementary Appendix). Elevated aminotransferase levels were uncommon (occurring in 2.5% of all the infants) and did not differ significantly among the groups. † The total number of infants was 1684. Because there were 10 pairs of twin babies, the total number of mothers was 1664. ‡ P values were calculated with the use of Pearson chi-square tests. § Two thirds of mothers received standard-of-care treatment with zidovudine before the initiation of the study regimen. ¶ Race was determined by self-report. ‖ A viral load of 400 copies per milliliter or less was recorded as 400 divided by the square root of 2.
Serious adverse events were observed in 40.1% of infants: 38.7% of infants in the zidovudine-only group, 37.0% of those in the two-drug group, and 44.6% of those in the three-drug group (Appendix 4 in the Supplementary Appendix). Serious adverse events possibly or probably related to study drugs, as determined by the medical officer of the study sponsor (the Eunice Kennedy Shriver National Institute of Child Health and Human Development [NICHD]), were observed in 8.4% and 3.4% of infants, respectively, with higher rates in the three-drug group (12.2% and 4.9%) than in the zidovudine-alone group (6.9% and 3.7%) or the two-drug group (6.2% and 1.8%). Neutropenia and anemia accounted for the majority of serious adverse events. Only two skin-related serious adverse events, neither considered by the site investigators and the NICHD medical officer to be related to the study drugs, were reported (one each in the two-and threedrug groups).
Antiretroviral Drug Resistance
The results of genotypic antiretroviral resistance testing were available for 120 (85.7%) of 140 HIVinfected infants (Table 4) . Mutations conferring resistance to nucleoside analogue reverse-transcriptase inhibitors (NRTIs) were present in 3 infants (2 in the three-drug group and 1 in the two-drug group), and mutations conferring resistance to protease inhibitors were present in 2 infants (both in the three-drug group). Mutations conferring resistance to nonnucleoside reverse-transcriptase inhibitors (NNRTIs) were present in 12 infants: 3 (5.7%) in the zidovudine-alone group, 6 (18.2%) in the two-drug group, and 3 (8.8%) in the three-drug group (P = 0.15 for multiple comparisons). Most NNRTI mutations were detected in infants infected in utero; only 3 infants with intrapartum infection had NNRTI mutations, 1 in each group. There were no significant differences in the distribution of resistance mutations among the groups.
Discussion
This study compared ART prophylactic regimens in a solely formula-fed population of infants whose mothers had not received antenatal ART. ART prophylactic regimen for infants born to HIV-1-infected mothers in high-income and middleincome countries has been a 6-week course of zidovudine. 16, 17 In our study, the overall transmission rate in the zidovudine-alone group (11%) was similar to rates in observational studies in which zidovudine was initiated within 48 hours after birth in postpartum-identified HIV-1-exposed infants. 6, 7, 18 Intrapartum transmissions were reduced by half in the two-and three-drug groups in our study, as compared with the zidovudinealone group. When we designed the study, we hypothesized that a protease-inhibitor-based threedrug ART regimen might confer a higher level of protection against intrapartum HIV transmission than would a two-drug regimen, given the high virologic efficacy of protease-inhibitor-based treatment regimens. 19, 20 However, intrapartum infection rates were similar in the multidrug groups in our study. Although intrapartum infection rates were about half as high as anticipated, with consequent loss of power, we observed significant differences in infection rates. Although transmission rates were similar in the multidrug groups, ease of administration favors the zidovudine-nevirapine regimen (a liquid formulation of nevirapine is commercially available, whereas nelfinavir powder requires reconstitution before each dose). Moreover, unlike nevirapine, 11 the absorption of nelfinavir in neonates is quite variable. 12 At present, other protease inhibitors are not recommended in the neonatal period, given the adverse effects of lopinavir-ritonavir 21 and FDA restrictions on its use in infants younger than 14 days of age. Neutropenia was significantly more common with the threedrug regimen than with the other two regimens, a difference that is probably related to the combined suppressive effects of zidovudine and lamivudine on bone marrow production of blood cells. [22] [23] [24] Although NNRTI resistance was observed more frequently in the two-drug group, NNRTI resistance mutations were present in all three groups, most frequently among infants infected in utero. Kaplan-Meier curves for intrapartum transmission differed significantly (P = 0.03 for the overall comparison). Transmission rates were highest in the zidovudine-alone group (3.4% at 4 to 6 weeks vs. 1.6% in the two-drug group and 1.4% in the three-drug group; 4.8% at 3 months vs. 2.2% in the two-drug group and 2.4% in the three-drug group).
The * Transmission rates and 95% confidence intervals were estimated on the basis of Kaplan-Meier curves for in utero, intrapartum, and overall transmission. Patients who died or were lost to follow-up were included in this analysis. Infants who were inadvertently enrolled were excluded from the analysis. † The P values for the pairwise comparisons were calculated with the use of Hochberg's modified Bonferroni approach, with adjustment for two pairwise comparisons. The two pairwise comparisons were zidovudine versus zidovudine plus nevirapine and zidovudine versus zidovudine plus nelfinavir and lamivudine; because of the Hochberg adjustment, the P values were identical for the two comparisons.
Baseline rates of primary NNRTI resistance of 4 to 11% have been reported among Brazilian patients, and transmission of resistant virus from mother to child could explain the presence of NNRTI resistance in all the groups in our study. [25] [26] [27] Maternal resistance testing to gain a better understanding of the genesis of infant antiretroviral resistance is under way. Coadministration of zidovudine decreases NNRTI resistance after exposure to single-dose nevirapine. 28 The clinical significance of NNRTI resistance in infants may be limited, because protease-inhibitor-based therapy is highly effective in infants and is recommended in World Health Organization and U.S. guidelines for the treatment of pediatric HIV infection in infants exposed to NNRTI-based regimens for the prevention of mother-to-child transmission of HIV. 29, 30 Factors independently associated with an increased rate of HIV-1 transmission included zidovudine monotherapy, a higher maternal HIV RNA level at delivery, and maternal use of illegal substances. The latter two have been associated with high rates of HIV transmission in multiple studies. [31] [32] [33] [34] [35] Although our study identified improved prophylactic alternatives for infants born to late-presenting HIV-1-infected mothers, the present approach does not substitute for the prevention and early identification of HIV-1 infection in women, with prompt initiation of ART during pregnancy. Prenatal care was received by 63% of the mothers in our study, with 48% having had at least 3 visits; these findings indicate that there were numerous missed opportunities to diagnose maternal HIV-1 infection and provide prophylaxis against mother-to-child transmission. Provision of ART prophylaxis in infants will not prevent in utero infection, which accounted for 70% or more of the residual infection in the two-and three-drug groups.
Like the findings in studies investigating rapid intrapartum and postpartum HIV-1 testing, 36,37 our findings show that large-scale rapid HIV-1 testing during labor or the immediate postpartum period, followed by prompt initiation of ART in infants, is feasible, acceptable, and effective. The * All available demographic and clinical variables were tested for their association with transmission. P values are for the significance of the association with transmission from mother to infant. All variables with a P value of 0.20 or less were included in the multivariable regression model. Variables with a P value of more than 0.20 were then removed from the model. The backward-elimination method was used to select the final model. This model used maternal viral load and maternal CD4+ count as continuous variables in addition to treatment group and illegal substance use. The odds ratios shown for log 10 viral load and CD4+ count are associated with a 1-log increase in the viral load or a 100-cell increase in the CD4+ count. The CD4+ count was eliminated from the final adjusted model. 20 did not have results from the ViroSeq assay owing to missing specimens or failure of the assay (i.e., the viral load was too low for amplification). The following mutations were considered clinically significant for resistance: D67G, L210W, T215S, K219E, D67 N, T215Y, K65R, K70R, and K219R for nucleoside analogue reverse-transcriptase inhibitors (NRTIs); L10I, D30 N, A71V, and N88D for protease inhibitors (PIs); and Y181C, K103 N, V179E, E138K, V106A, V106 M, V181I, A98G, and V179D for nonnucleoside reverse-transcriptase inhibitors (NNRTIs). Some infants had more than one mutation. † P values, which were calculated with the use of Fisher's exact test, are for multiple comparisons.
high level of acceptability of postexposure ART prophylaxis in infants is reflected by 96% adherence. In settings where zidovudine prophylaxis is the standard of care for HIV-exposed infants whose mothers have not received ART during pregnancy, our study shows that the administration of additional antiretroviral drugs significantly reduces the risk of intrapartum acquisition of HIV, as compared with zidovudine alone. Our findings are pertinent to countries in which combination ART in mothers throughout pregnancy is standard and ongoing exposure to HIV-1 through breast-feeding does not occur. Our results support combination ART regimens instead of zidovudine alone for prophylaxis in the infants of mothers who have not received antenatal ART. Ease of use, reduced toxicity, availability, and low cost suggest that zidovudine plus nevirapine is an attractive option for prophylaxis in infants at high risk for perinatal HIV-1 infection.
